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ABSTRACT 



Strata-bound to stratiform Fe, Cu, Zn and Pb. sulphide deposits 
occur in late Proterozoic, weakly metamorphosed volcanic 
association at Un Semiuki area. Eastern Desert, Egypt. The 
enclosing metavolcanic association is constituted of bedded 
pyroclastics intercalated with abundant volcanic sheets. The 
metapyroclastics are essentially composed of subaquous, massive 
and banded metadacite and meta-andesite tuffs. The volcanic 
intercalations are represented by meta-andesites, metadacites and 
metabasalts, metarhyolites are rare. 

The sulphide minerals are confined to the banded tuffs. 
Systematic megascopic and microscopic study of the distribution 
patterns of the sulphide minerals revealed symmetric relations 
with the primary and deformational sedimentary fabrics of the 
enclosing banded tuffs suggesting syngenetic origin. 
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INTRO0UCTIO N 

On Samiuki area is located in the southern part of the basement 
complex of Egypt (Fig.1). It is bounded by the following 
coordinates : 

Lat. 24* 40' and 24° 26' N 
Long. 34° 37* and 35* 00 E 

The area underconsideration is mainly covered by volcanic/ 
volcaniclastic rocks of late Proterozoic age and is characterized 
by the occurrence of massive Fe, Cu, Zn and Pb sulphide deposits 
encountared in some mines and prospects scattered in an area of 
about 100 km 2 * 

The geology of Um Samiuki area and the occurring sulphide 
deposits have been investigated by several authors including: 
BALL (1912) HUME (1937), El SHAZLY (1957,1969), El SHAZLY and 
APIA (1958), G ARSON and SHALABY (1976), SEARLE et al. (1976 a and 
b), HUSSEIN et al. (1977), SHUKRI and MANSQUR (1980), S0LIMAN 
"(1981) and HAFEZ and SHALABY (1983). 

HUME (1937) considered that the mineralization at Um Samiuki is 
intimately connected with diabasic and ultrabasic dykes. EL 
SHAZLY and AFIA (1958) suggested that the polymetallic sulphide 
association of Urn Samiuki was formed by hydrothermal replacement 
of low mesothermal stage along shear zones. The authors believed 
that the source of the hydrothermal soultians is related to Late 
Precarorian granitic activities. SEARLE et al (1976 a) described 
the ore as massive sulphide type of volcanogenic origin that has 
been formed by acidic volcanisms. HUSSEIN et al (1977) showed 
that the lm Saniuki ore is a syngenetic volcanogenic sedimentary 
deposit that has formed on the sea. floor, probably from a 
submarine exhalative source. SOLIMAN (1981) described the ore 
deposits at lm Samiuki as a stratiform type syngenetically formed 
within felsic metavolcanics . He thought that the ore minerals 
were depositedd in a submarine •environment above a submarine 
volcanic vent system at the interface between the metavolcanic 
rocks and the sea water. 

The present paper is an attempt to clarify the origin of the 
sulphide deposits of lm Samiuki by studing systematically and in 
detail the geometry and distribution patterns of the ore minerals 
in low to high grade massive ores and from the scale of the field 
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down to microscopic interfaces. The observed geometric 
interrelationships gave inductive informations about place, time 
of formation and sequence of crystallization of the sulphida ore 
minerals. They showed clearly that the sulphides were deposited 
syngenetically during diagenesis within pyroclastic sediments 
under submarine conditions. 

VOLCANIC AND VOLCANICLASTIC COUNTRY ROCKS 

Field and petrographic examinations revealed that Un Samiuki area 
is covered mainly by a thick succession of submarine volcanic and 
volcaniclastic rocks (PI. I, Fig.a). This succession was 
considered a part of the geosynclinal Shadli metavolcanics (EL 
SHAZLY, 1964 and EL RAMLY, 1972) but were separated recently as 
Um Samiuki Formation (SEARLE et al, 1976b.) having island arc 
characters (GARSON and SHALABY, 1976; HAFEZ and SHALABY, 1983). 

The volcanic rocks are represented mainly by a repetition of 
sheet flow lavas of calc-alkaline composition including the 
following rock types arranged according to their abundance: 
andesite. dacite, basalt and rhyodacite. Volcanics of rbyolitic 
composition are very rare. Pillow structures and vesicular 
textures are the common fabrics characterizing these sheet flows 
(PI. I, Fig. b). Volcaniclastics, mainly pyroclastics, are more 
abundant than the volcanics and occur as conformable, massive and 
laminated beds of variable thicknesses. The pyroclastics are 
predominately of andesite and dacite composition. They include 
the following rock types differentiated according to grain-size 
and fabrics into (a) volcanic breccia (PI. I, Fig. c) and pillow 
breccia, (b) agglomerates having isotropic or network fabric, and 
(c) stratified and laminated lapilli tuffs, tuffs and dust tuffs 
interbanded with chert and calcareous bands or nodules (PI. I, 
Fig.d). Pyrite-rich laminae or bands are frequently observed 
intercalating coarse and medium grained tuffs (PI. I, Fig.eX. The 
tuffs comranly exhibit well pronounced penecontemporaneous 
deformational features recognized in handpacimens and" thin 
sections. They comprise the following structures: 

1. Downwards convexity of coarse-grained bands or laminae into 
finer grained underlying horizons (PI. I, Fig. f & PI. II, Fig. a) . 

2. Load cast or geopetal loading developed by downward 
protrusion of coarse lithic or crystal fragpnents into 
underlying fine-grained bands or laminae (PI. II, Figs .b & c). 
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3. Load balls and pillow structures characterizing the lower 
portions of coarse to medium-grained tuff bands resting on 
finer-grained tuff, cherty or calcareous bands or laminae. 

- 4. Cut and fill structure evolved through filling of small 
erosional chanells on the upper surfaces of lower bands by 
depositional materials of the upper layers (PI. II, Fig. d) . 

5. Convolute bedding and contorted lamination usually confined 
within certain stratigraphic units. 

6. Synsedimentary slumping and related small scale folds and 
faults. Slumping structure may affect several bands or 
laminae embedded between undisturbed upper and lower horizons 
(PI. XI, Fig. e). 

The formation of calcareous and chert nodules and their 
coalescence into continuous bands suggest preconsolidation 
chemical rearrangement. 

Petrographically, the tuffs are composed of varying proportions 
of lithic and crystal fragments embedded in a fine-grained 
groundless composed of dust-size ashes and silicious, calcareous 
and clayey material. The lithic fragments are predominately of 
andesite composition, while the crystal ashes are represented 
mainly by plagioclase (An 30-36) and quartz together with 
subordinate amounts of pyroxenes, glass shards are sometimes 
present. The groundmass of the coarse to medium-grained tuff 
varieties are noticeably characterized by the presence of organic 
carbonaceous debris. The carbonaceous materials frcm long streaks 
* usually arranged parallel or subparallel to the original 
lamination of the enclosing rocks. Organic carbon content of four 
tuff samples, two of which containing sulphides, was determined 
by the chromic acid method (JACKSON. 1958) and was found to range 
between 0.2% to 0.4%. 

The studied tuffs were subjected to postdepositional compaction 
and lithification processes. Segregation, cementation, 
recrystallization and replacement appear to be the main processes 
affecting the rocks during the time of burial and before final 
consolidation. Formation of calcareous and chert nodules may be 
due to chemical segregation. Cementation has been achieved 
through (a) precipitation and recrystallization of chalcedony 
(PI. II, Fig. f) and carbonates (PI. II, Fig.g), (b) formation of 
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authigenic chlorite and epidote (?), and Cc) authigenic quartz 
and albite overgrowths around clastic quartz and feldspar grains 
(PI, II, Fig.h). Authigenic albite and chlorite in submarine 
volcaniclastics are attributed to diagenesis (FISHER and 
SCHMINCKE, 1984) The authigenic albite overgrowths are comronly 
intergrown with quartz in a myrmekitic fashion. Quartz commonly 
replaces calcite and is less commonly replaced by calcite. 
Calcite embays locally idiomorphic pyrite crystals. 

The volcanic and volcaniclastic rocks suffered very low-grade 
regional metamorphism whereby epidote, actinolite, tremolite and 
chlorite were formed on the expense of the original constituents. 
The metavolcanics were subjected locally to brecciation and 
intense hydrothermal alteration leading to the formation of talc- 
tremolite-dolomite-calcite assemblages. The Brecciation and talc 
formation were associated with mobilization and redeposition of 
chalcopyrite. 

The occurrence of talc at Lhi Samiuki is attributed by EL SHAZLY 
and APIA (1958) to the introduction of hydrothennal solutions 
along shear zones before the formation of the sulphides. 
Conversely, SEARLE et al (1976 a) and SOLIMAN (1981) suggest that 
a period of intensive magnesium metasomatism induced extensive 
replacement of footwall breccia, lapilli tuff and massive 
sulphides after the formation of the sulphide ore. 

REGIONAL GEOMETRIC CHARACTERS OF THE SULPHIDES 

The sulphides are confined to certain pyroclastic horizons within 
the Un Samiuki Formation. No primary sulphide minerals were ever 
found in the associated volcanic rocks. This manner of 
stratigraphic relation indicate that the sulphide deposits of Lm 
Samiuki belong to the strata-bound type. Moreover, the sulphides 
exhibit well pronounced stratification characters symmetrically 
concordant with the original fabrics of the horst rocks. The 
sulphides of Urn Samiuki are classified according to their 
paragenesis into two main geometric forms: 

1) stratiform to strata-bound pyrite with or without sphalerite 
and chalcopyrite. 

2) stratiform to strata-bound pyritic massive sulphides 
containing Fe, Zn, Cu and Pb sulphide minerals. 
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The second form is mainly localized in the mine sectors, whereas 
the first form is very cannon over wide areas throughout the sarva 
stratigraphic horizons around the mines. 

MEGASmPIC-MICRQSCOPIC GEOMETRIC DESCRIPTION 

Detailed investigation on the above mentioned sulphide forms have 
; been carried out on oriented slabs, thin sections and polished 
sections to deduce the different geometric distribution patterns 
of the sulphides and their intimate relations with the primary 
and deformational fabrics of the host rocks. The identified 
geometric distribution types of the sulphides are schematically 
represented and systematically classified in PI. III. 

Group I (PI. Ill) comprises pyrite spots, crystals or clusters, 
with or without sphalerite and chalcopyrite, arranged in 
stratiform (types la to Ie) or strata-bound (types II to 16) 
configurations. These types are mostly encountered within 
distinct thick to thin bands or even laminae of the pyroclastics 
(PI. IV). Type la refers to dissiminated pyrite spots or dots 
(up to 100 in diameter) showing weak linear arrangement. In type 
lb, the pyrite spots are distributed in stratified alignment. 
Type Ic shows stratified distribution of idicmorphic pyrite 
crystals (up to 1 mn in diameter). Type Id exhibits gradual 
lateral grouping or clustering of pyrite crystals forming 
irregularly thick bands or laminae, up to 1 cm in thickness 
transitional to the next type. Type Ie displays regular 
stratified thin bands or laminae of grouped pyrite crystals. The 
gradual transition from one type into the other reflects 
progressive crystal growth and accumulation during segregation 
process. In type 11 , the dissiminated pyrite spots are arranged 
in a wavy pattern resembling convolution or crumbling structure 
(PI. V, Fig.a). Types 12 and 13 exhibit geopetal loading 
-structures developed by tuff clasts into convoluted, aligned 
patterns of pyrite spots (type I 2) or crystals (type 13 and PI. 
V, Fig.b). The deformed types 11, 12 and 13 are enclosed within 
undisturbed tuff bands. Type 14 represents loaded laminae of 
dissiminated pyrite crystals showing symmetrical relationship 
with the asociated convoluted tuff laminae. In type 15, the 
lower surface of the segregated banded or laminated pyrite 
crystals show downward projection into underlaying sediments 
corresponding to load or cut and fill structures. Type 16 shows 
pyrit crysifeals dissipated along strata-bound cross cutting cracks 
probably related to small scale synsedimentary slump faults. 
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Group II (PI. Ill) displays the geometric characters of the 
pyritic massive sulphide differentiated into stratiform and 
strata-bound patterns. The strata-bound types are believed to be 
related to preconsolidation to postconsolidation deformational 
processes. The vertical disposition of these types is based on 
the paragenesis of the sulphide minerals and their sequence of 
crystallization. The main recognized paragenetic associatios are: 
pyrite - sphalerite - chalcopyritej pyrite - sphalerite - 
chalcopyrite - galena - fahlore and, sphalerite - chalcopyrite r 
galena - fahlore - bomite covellite. Type II a represents 
stratified pattern bounded by linear arrangement of pyrite 
crystals alternating within thin bands or laminae of sphalerite 
and chalcopyrite (PI. V., Fig.c). In type" II b , the stratified 
pattern is illustrated by cross -lamination distribution of pyrite 
crystals. Type II c is similar to type II a,, but the alternating 
bands consist of sphalerite, chalcopyrite and galena. Type II d 
shows laminated massive sulphide lacking pyrite. The iamnatibn 
fabric is indicated by horizontal arrangement of separate or 
interconnected elongate patches of chalcopyrite, galena and 
fahlore intercalating through a groundmass of sphalerite. These 
elongate patches range in thickness between several microns and 
few millimeters. Type II e is similar to type II d but differs by 
the first appearance of bornite and covellite. Strata-bound 
preconsolidational fabrics are represented by the development of 
typical, loading, slumping and convolution structures. Loading 
structures are developed by the pressure of coarse pyrite 
crystals exerted onto underlaying sulphide laminae. Type II 1 
represents slump structure indicated by lateral displacement and 
vertical sinking of pyrite crystals into interbedded sulphides of 
types IIa,IIb and .lie. Fig. 2 shows a detailed microscopic drawing 
of slump structure of type 111. Note the folding of the pyrite 
rich laminae and their dislocation along microfaults. The 
sulphide bands with slump structure are bounded by undisturbed 
upper and lower sulphide bands or laminae. Within the slumped 
bands, the fold axial planes exhibit a conformable orientation as 
the associated microfaults. The pyrite rich laminae are gradually 
folded then broken along microfaults. Slump structure is recorded 
in the massive Cu, Pb, Zn - Ag sulphide ore bodies of 
Colquijirca, Central Peru (LEHNE and AMSTUTZ, 1982). Types II 2 
and II 3 exhibit undulated or convoluted pyrite-rich or sulphide 
laminae enclosed within the sphalerite. Types II A and II B 
represent strata-bound veinlets of chalcopyrite cutting across 
sulphides of types Ha, lib and lie (Pl.V,Fig.c) . In Types IIC & 
JIO, the sulphide patches intercalating the sphalerite base are 
interconnected by veinlets having the same composition. 
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The described patterns displayed by the sulphide minerals are 
identical to typical diagenetic sedimentary textures formed 
during burial and prior to final consolidation. They can be 
correlated with the typical sedimentary ore fabrics described by 
SCHULZ (1976). The low grade sulphide represented by pyrite, with 
or without sphalerite and chalcopyrite, shows the best 
conformable geometric relations with the fabrics of the enclosing 
volcaniclastic sediments. The same fabrics displayed by the 
pyrite are also well recognized in the massive sulphides of group 
II, suggesting progressive increase in the concentration of Cu, 
Zn and Pb sulphides in a more suitable environment. The strata- 
bound cross -cutting, veinlets may be related to subsequent 
migration of chalcopyrite into synsedimentary fractures or 
cracks . 

The strata-bound types HE, IIF & IIG comprise fractured massive 
sulphide (types HE & IIF) and sulphide breccia (type IIG) • The 
fractures within the sulphides and the matrix between the 
sulphide breccia are mainly occupied by talc minerals, tremolite, 
dolomite and blocky calcite. The breccia fragments are composed 
mainly of sulphides of types Ha, lib. He & Hd together with 
subordinate volcanic rock fragments. The fragments are encrusted 
by a youger generation of chalcopyrite associated with the talc 
formation after the brecciation of the primary ore (PI. V,Fig.d). 
Brecciation must have been accompanied by hydro thermal solutions 
that caused the development of talc tremolite and the 
mobilization of already present sulphide minerals, for example 
chalcopyrite. 

MICROSCOPIC GEOMETRIC INTERFACES 

The contact relations (intergrowth index) of the different 
mineral constitutes of the above described geometric types have 
been studied. Autcmorphic outlines and concave-convex interfaces 
are the main geometric parameters characterizing the contact 
relations between the studied sulphides and the gangue and 
between the sulphide minerals themselves. Considering the fact 
that in the case of free growth, the interface between solia" and 
melt, solution or gas, may be regarded as a surface and in many 
instances true surface tensions operate giving rise to curved 
surfaces (STANTON, 1972). A free-growing mineral might develop 
its own crystal faces or convex outer surfaces 4ue to surface 
tension. A younger mineral conforms to the crystal outlines of 
the older one. Convex interlocking surfaces are more abundant on 
the ealier 
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minerals (BASTIN, 1953, EL BAZ, 1964, AMSTUTZ, 1965 and AMSTUTZ 
and GIGER, 1972). Therefore many intergrowth textures can be 
■found to be overgrowths in free space. 

In Group I (PI. in) pyrite is always present in the interspaces 
between the clastic grains usually associated with calcite and 
carbonaceous matter (PI. V, Fig.e). It occurs as individual 
crystals or clusters with well developed crystal faces against 
the other cement materials. Pyrite crystals are corroded or 
partially replaced by calcite (PI. V, Fig.f) and included within 
epidote. Minute cubic pyrite crystals are enclosed within 
authigenic quartz and feldspar or enveloped by feldsoar 
overgrowth (PI. V, Fig.g). Sphalerite and chalcopyrite if 
present, fill spaces and cracks in the pyrite crystals. The above 
picture indicates that pyrite and associated sulphides were 
deposited in the interspaces between the clastic grains of the 
tuffs together with or slightly before the deposition of calcite 
and colloidal silica, and of coarse prior to the formation of 
authigenic quartz, epidote and fledspar overgrowths. 

The geometric relations observed in the different pangeneses in 
the pyritic massive sulphide (Group II in PI. Ill) are illustrated 
J" P X }; V *: *? the ^agenesis pyrite sphalerite - chalcopyrite 
(Pl.VI,Fig.A), pyrite exhibits idiomorphic outlines against 
sphalerite and chalcopyrite (Pl.VII,Fig.a) . Shpalerite and 
chalcopyrite fill spaces within the pyrite. Chalcopyrite occurs 
in two generations. The first generation (cp I) is intergrown 
with sphalerite forming dissiminated, lamellar and network 
intergrowth type* (PI .VII, Fig. b) . The later generation of 
chalcopyrite (cp II) is usually interlocked with sphalerite. The 
sphalerite chalcopyrite interlocking exhibits mostly concave 

r^ff/?f the f0mBV 3nd co ^ex surfaces towards the later 

(Pl.VII Fic.c) Cp II fills strata-bound fractures in the 

• P ^HL baS ^ i P1 - VII ' Fi S- d >- ^e gangue (mainly chert) shoS 
interbedded relation with sphalerite and cp II or fill spaces 

nh^r Sul P h 1 ides - In Pangenesis pyrite-sphalerite - 

chalcopyrite - galena (Pl.VI,Fig.B) , pyrite appears to be the 

iTiT V™ 6 ?, 1 10 th8 P-Wtto sequence, where it shcS 
^ h ^ 0U T U f es a S ainst other minerals. Sphalerite and 
chalcopyrite I form a cement between the pyrite crystals and 
exhibit convex intergrowth surfaces towards chalcopyrite II and 

i C ° Pyi : ite 11 g9lena Show intercalated sequentional 
crystallization terminated with crystallization of chalcopyrite 
(Pl.VII Fig.e). The gangue appears to be the last mineral in the 
paragenetic sequence where 
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it envelops the sulphides. In the paragensis sphalerite ea iena 
chalcopyrxte, fahlore. boreite and covellite (P1. VI fJc 
Pl.VI.Fig.fj. pyrite was not detected and chalcoovritp T I t 
confidently recognized. Fahlore separated ^oreTa'copyrTteK 
which was followed by bomite and covellite. At pri o n f ' rin 
not have enough information to decide whether ^"iV ^ 
covellite were priory minerals or were fo^ec during ^ h 
leaching or cementation processes. B secondar y 

The study of the interfaces between t-hp rt<« 
ndnerals and gangue revealed XSTL^JZ"^*?*** 
consistent order in all the different parage^ses Tf £ ^ ■ " 
sulphide. The sequence of seoaration iT T ? ™ B masslve 
the following table: » S^en schematically on 



pyrite 
sphalerite 

chalcopyrite 
galena 
| fahlore 

| uui 1 1 J. UH 

j covellite 
j gangue 



cpl cpll 



The essential sulphide mineral ».«~ * 
crystallization of 'the ga^^rX ^'f^ 016 
cementation and Unification of Tho V ' befBrB final 
Physico-ch^ioal conditions of L L e " Cl ° Sln 8 The 
trapped connate waterfse™ to be iL * "viroo** (a nd 

the sequence of sulphide mitral s eparXn ^ C ° ntn3lUng 
careonaceous matter indicates at W^ng aSlST" ** 

CONCLUSION 



with or without ;pSiVL st s^ s s^Sir 1 *- 

strata-bound pyritic massive sulphide conlisUn. \2% ^ t0 
and Pb sulphide minerals. These fon^ ^ g t FS * Cu 
pyroclastio s.iments of Late ^^^^2^ 
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The study of the geometry of these forms in all scales revealed 
overall congruent relations between the fabrics of the sulphides 
and the primary and deformational textures of the host rocks. The 
microscopic geometric interfaces between the different sulphide 
minerals and gangue indicate primary crystallization and 
successive overgrowths between the clastic grains of the tuffs 
during burial and prior to final lithification, i.e. during the 
diagenetic evolution of the sediments. This high degree of 
congruency is a logic evidence suggesting synsedimentary origin 
of the sulphides. 

The syndiagenetic sulphides and enclosing rocks apear to have 
been subjected to brecciation and hydrothermal alteration leading 
to the formation of talc and tremolite and mobilization of 
chalcopyrite. 
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Plate I 

FiQ. a : A photograph of Gebel Abu Ham*amid, West of Wadi Um Samiuki, 

staffing a stratified succession of volcaniclastics intercalated 
with volcanic sheets. 

Fig. b : Pillow structure in basalt rock, 
fig. c : A polished slab of volcanic breccia. 

fig. d : Stratified distribution of calcareous nodules in cherty 
pyroclastic sediments. 

ng. e ; A polished slab showing pyrite-rich laminae and bands (py) in 
pyroclastics. 

Fig. f : A poisihed slab showing downward convexity of coarse grained 
tuff into dusty laminated tuffs. 
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Plate II 



Fig. a i A photomicrograph exhibiting downward convexity of medium- 
grained crystal Iithic;tuff (+ N, TS). 

Fig. b : A photomicrograph showing geopetai loading sturcture developed 
by the projection of crystal ashs into underlaying cherty laver 
«^N, TS). 3 

Fig. c : A photomicrograph showing geopetai loading formed by the projec- 
tion of crystal tuff into underlaying carbonaceous clayey band 
«^N, TS). 

Fig. d : A photomicrograph showing cut and fill sturcture in tuff 
<<J N, TS). 

Fig. e : A polished slab showing slump structure in laminated tuff . 
Fig. f : A photomicrograph showing autogenic spherulitic growth of 

chalcedony (center of the photo) in the groundmass of coarse 

tuff (+ N, TS). 

Fig. g : A photomicrograph showing authigenic quartz overgrowth 
(<5*N, TS). 

Fig. h : A photomicrograph snowing recrystallized of chert in the ground- 
mass of tuff C+ N, TS.). • 



TS = Thin section. 
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Schematic classification of the megascopic-microscopic geometric 
patterns of the Fe ;Zn;Cu & Pb sulphides and their sedtmentoiogicai 
approach {description in the text ) - * 
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Plate IV 

Representative examples (A, B,. C) of banded and laminated pyroclastics 
showing primary and deformational sedimentary structures and some geometric 
distribution parterns of pyrite ± sphalerite and chalcopyrite. 

Legend 

1 = coarse-grained dacitic crystal tuff 

2 = medium grained andesitic lit hie crystal tuff 

3 = medium grained andesitic crystal lithic tuff 

4 = medium to fine grained andesitic crystal tuff 

5 s dust tuff 

£ = chert + calcite 

7 = calcareous material (silicieous in part) 

py = pyrite + sphalerite and chalcopyrite. 
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Plate V 



Fig. 



Fig. 



Fig. d 



Fig. f 
Fig. g 




: A polished slab showing pyrite crystals (py) arranged in a 
undulated pattern. 

A photomicrograph showing geopetal loading structure 
fay dropping of tuff clasts into pyrite (py) a 
laminae (-^ N, TS). 

A polished slab of laminated sulphides characterized by 
stratified distribution of pyrite (white) in a sphalerite 
and chalcopyrite (grey) base. Note the strata-bound cross 
cutting veinlet of chalcopyrite (upper left corner of the phc 

A polished slab of breccia composed of sulphide volconic and 
tuff fragments cemented by talc and 





:omicrograph showing a pyrite crystal (black) surrounded 
and partially replaced by calcite (white) (^N, TS). 

A photomicrograph showing authigenic albite in tuff over- 
growing and enclosing pyrite (lower left corner). 



TS = Thin 
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Representative drawings of 
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Plate VII 

Fig. a : A photomicrograph showing idicmorphic pyrite (py) 

and concave-convex relation between sphalerite (SI) and 
chalcopyrite (cp), (*£N, PS, air). 

Fig. b : A photomicrograph showing diss3iminated, lamillae and network 
intergrowths between sphalerite (grey) and chalcopyrite I 
(white), Cc=N, PS, air). 

Fig. c : A photomicrograph showing interlocking relation between 

sphalerite (grey) and chalcopyrite II (white), (.-? N, PS, air). 

Fig. d : A photomicrograph showing a strata-bound veinlet of chalcopy- 
rite white cutting across sphalerite (grey), (.'2>N, PS, air). 

Fig. e j A photomicrograph showing interlocking relation between pyrite 
(cubes), sphalerite (dark grey), galena (light grey) and chal- 
copyrite (white), (/£N, PS, air). 

Fig. f : A photomicrograph showing overgrowth relations of sphalerite 
(grey), chalcopyrite (white) and covellite (dark grey), (.^j N, 
PS, air). 



PS = Polished section. 



